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Dissociated effect of sodium intake on glomerular and pressor
responses to angiotensin. The influence of chronic and acute
changes in sodium intake on pressor and glomerular capillary
responses to angiotensin was studied. Scanning electron micro-
scopy was used to observe the capillary changes in the superficial
glomeruli. The results showed that both responses were sodium-
dependent but in opposite directions. Low sodium intake dimin-
ished the pressor effect but enhanced the glomerular capillary
response to administered angiotcnsin. On the contrary, a high
sodium diet or a short perfusion of 0.9% NaCI considerably dimin-
ished the sensitivity of the glomerular capillaries to angiotensin,
whereas the systemic hypertensive effect was enhanced. Our results
demonstrate that the systemic circulation and the capillaries of the
superficial glomeruli react independently to angiotensin. This sug-
gests that the superficial glomerular receptors differ from the sys-
temic ones.
Dissociation des effets de I'apport sodé sur les réponses gloméru-
laires et hypertensives a I'angiotensine. L'effet de l'angiotensine II
sur les glomerules supcrflciels et son action hypertensive ont été
étudiés sous différentes conditions d'apport sodé: surcharge chro-
nique, normal et restriction prolongée; certains animaux de ces
deux derniers groupes étaient aussi explores juste aprCs one breve
perfusion de solute physiologique. L'action glomCrulaire cst ob-
servée au microscope électronique a balayage. Les deux rCponses
sont sodium dépendantes, mais en sens oppose. Sous régime
pauvre en sodium, l'effet pressif de l'angiotensine diminue mais Ia
rCactivaté glomérulaire augmente (seuil d'action 5 pg/lOOg/min).
Sous régime riche en sodium, l'effet pressif de langiotensine aug-
mente, et al réactivité glomCrulaire diminue (seuil d'action > 50
mg/bOg/mm). Un résultat identique a cc dernier est obtenu chez
les rats soumis a un régime normal ou pauvre en sodium, après une
perfusion de NaCl 0,9% immédiatement avant l'expérience. Une
protéiriurie a été observée chez tous les rats parallClement avec les
modifications glomerulaires. L'angiotensine exerce donc deux cf-
fets dissociés, donc indépendants, systémique sur Ia pressionarté-
rielle, et renal sur be floculus glomerulaire. Cela suggère des récep-
teurs différents dans ces deux territories.
In a previous scanning electron microscopic study,
the morphologic changes induced by exogenous ang-
iotensin in the superficial glomeruli of rats were
described [I]. The main effect was the constriction
of capillary loops which appeared twisted or even
threadlike. These changes were irregular, differing
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from one glomerulus to another. The juxtamedullary
glomeruli did not show a constrictive response to
angiotensin. Among the superficial glomeruli, some
had capillary networks that were involved diffusely,
whereas others disclosed constrictions of only one
loop or of a limited part of some loops. A semi-
quantitative relationship between the dose of angio-
tensin and the morphologic changes was noted; how-
ever, constriction of the glomerular capillaries was
also evident with non-pressor doses. This finding
could be explained by a greater sensitivity of renal
capillaries to angiotensin than that of the systemic
circulation, or, alternatively, the two effects, pressor
and glomerular, could be independent of each other.
As sodium intake is known to modify the pressor
effect of angiotensin, we decided to investigate its
influence both on the glomerular capillary response
and on the pressor response.
The response of the capillaries of the superficial
glomeruli to different doses of angiotensin was stud-
ied in rats after normal, high, or low sodium diets for
two weeks, and in rats, either on normal or low
sodium diets, after a perfusion of 0.9% NaCl and
immediately before the administration of angioten-
sin. Our results show that hypertensive response and
glomerular capillary constriction are both dependent
on sodium intake, but in opposite directions. This
confirms that the glomerular capillaries respond to
angiotensin independently of any pressor changes. In
addition, the response of the glomerular capillaries to
angiotensin was immediately diminished by a brief
perfusion of 0.9% NaCI. This suggests that a modi-
fied sensitivity to angiotensin could be a factor in the
mechanism that regulates glomerular function.
Methods
Experimental animals. White, male, Sprague-Daw-
ley rats (Charles River, France), weighing 170 to 220
g, were used in all experiments. All rats were anesthe-
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tized with sodium pentobarbital (Nembutal®, Abbott
Laboratories) and tracheotomized. The mean arterial
pressure was recorded continuously by a poly-
ethylene catheter inserted into a carotid artery and
connected to a strain-gauge manometer (Telco-M-
52). In rats used for morphologic study, a loose liga-
ture was placed around the aorta above the renal
arteries and tightened at the moment of fixation.
Dietary pretreatment. Rats were divided into three
groups and put on different sodium intakes for 15 to
20 days. Group I (normal sodium intake): Rats were
fed a standard laboratory diet (U.A.R., Villemoison,
France) containing 130 mEq/kg of sodium, and ad
libitum tap water. Group 2 (high sodium intake): Rats
had the standard laboratory diet, but the drinking
solution was 0.9% saline. Group 3 (low sodium in-
take): Rats were fed a low sodium diet (U.A.R.,
Villemoison, France) which contained 6 mEq/kg of
sodium, and ad libitum tap water.
Experimental procedure. Valyl-5-angiotensin II
amide (Hypertensin®, Ciba Pharmaceutical Co.) was
administered in different concentrations into the tail
vein. The rate of perfusion was 20 to 30tl/min. The
animals were divided into two subgroups: one for
morphologic study and the other for hypertensive
response.
I.) Morphologic study. Some animals of all three
groups were used as controls to disclose a possible
influence of chronic sodium intake and of saline per-
fusion per se on glomerular morphology (groups IA,
2A, and 3A). The other animals were perfused with
angiotensin alone in different doses (groups IB, 2B,
and 3B), or following administration of 0.9% NaC!
(groups IC and 3C). In all animals the experiments
were terminated by in vivo fixation of the kidneys.
The technique previously described enabled dis-
tinction between superficial and deep glomeruli [1].
In the present paper, only the morphologic changes
in superficial glomeruli were taken into consideration
as the number of juxtamedullary glomeruli was too
small (from 6 to 9%) in the different experimental
groups to draw valid conclusions. The glomeruli were
studied by scan fling electron microscopy (Stereoscan,
Model 96 1/3, Cambridge).
2.) Study of the pressor effect of angiotensin. The
threshold pressor dose and the pressor responses to
Fig. 1. Glomerulus of a sodium-depleted rat after infusion of 50 pg/100 g of body wi/mm of angiotensin (group 3B). The capillaries are
constricted and the morphology of the epithelial cells is distinctly changed (X 1,200).
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Fig. 2. Detail of another glomerulusfroni group 3B. The glomerular capillaries are twisted and threadlike. The cytoplasmic processes of the
epithelial cells are irregular and fused (X 2,600).
50 and 100 ng/lOO g of body wt/min of angiotensin
were determined in rats from groups 1, 2 and 3 (total,
58 rats). After a control period, during which blood
pressure was registrered, angiotensin was adminis-
tered. The initial dose of 2.5 ng/min was found to be
a non-pressor one in all three groups of rats. This
dose was increased by 5 ng every five minutes. The
first dose which elevated the mean blood pressure by
more than 5 mm Hg was considered to be the thres-
hold pressor dose. Finally, the pressor response to 50
and 100 ng/100 g of body wt/min was registered in
each rat.
3.) Proteinuric effect of angiotensin. Urine was
tested with Albustix® (Ames Co.) for the presence of
protein before and after angiotensin perfusion.
Results
I.) Morphologic study of superficial glomeruli by scanning
electron microscopy.
Group I (normal sodium intake): Group JA Con-
trol rats (15 rats, 200 glomeruli screened). Five rats
were not perfused. Ten rats were perfused with
25p1/min of 0.9% NaCl for 30 mm. The glomeruli of
all rats retained a normal aspect, as already described
[1-4]. Isolated, collapsed capillary loops, and abnor-
malities of the epithelial cells were exceptional. Group
lB rats perfused with angiotensin. a) Non-pressor
doses. In animals perfused with 50 pg/100 g of body
wt/min of angiotensin (2 rats, 40 glomeruli screened),
no morphologic changes were observed. At I ng/lOO
g of body wt/min (3 rats, 60 glomeruli screened), 53%
of the glomeruli were diffusely modified, 40% pre-
sented focal changes, 7% retained a normal aspect. At
S ng/lOO g of body wt/min of angiotensin (5 rats, 100
glomeruli screened), the glomerular effect reached its
maximum: only a few glomeruli remained un-
changed. b) Pressor doses. When the doses were in-
creased to 50 ng/lOO g of body wt/min and 100
ng/l00 g of body wt/min (9 rats, 130 glomeruli
screened), the changes were identical to those noted
after 5 ng/100 g of body wt/min. Group IC: angioten-
sin administered after i. v. perfusion of 0.9% sodium
chloride. The administration of 0.9% NaCI
(100tl/min) for 30 mm before and for a further 30
mm simultaneously with 5 ng/100 g of body wt/min
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Fig. 3. Glomerulus of a sodium-depleted rat perfused with 0.9% NaCI immediately before administration of 5 ng/I00 g of body wi/mm of
angiolensin (group 3C). The capillary loops are regularly filled, the epithelial cells and their cytoplasmic processes have the aspect described in
control rats. Two red blood cells are visible on the glomerular surface (X 1,300).
of angiotensin suppressed the glomerular response
completely. All glomeruli retained a normal aspect (2
rats, 60 glomeruli screened). When the angiotensin
dose was increased to 50 ng/100 g of body wt/min,
focal capillary constriction was observed in only 19%
of the glomeruli (2 rats, 60 glomeruli screened).
Group 2 (high sodium intake): Group 2A Control
rats without any perfusion (2 rats, 50 glomeruli
screened). All glomeruli preserved a normal aspect.
Group 2B rats perfused with angiotensin. In animals
perfused with 5 ng/l00 g of body wt/min of angio-
tensin (2 rats, 60 glomeruli screened) and 50 ng/100 g
of body wt/min (5 rats, 250 glomeruli screened), no
typical morphologic changes were seen. When the
dose perfused was 100 ng/l00 g of body wt/min (3
rats, 90 glomeruli screened), 62% of the glomeruli
were diffusely modified. In 8%, focal changes were
disclosed; 30% of the glomeruli remained unchanged.
Group 3 (low sodium intake): Group 3A control rats
without any perfusion (4 rats, 120 glomeruli screened).
The glomeruli retained a normal aspect except that
the podocyte bodies were more prominent than in
groups IA and 2A. Group 3B rats perfused with angio-
tensin. In rats perfused with 5 pg/l00 g of body
wt/min of angiotensin (3 rats, 90 glomeruli screened)
23% of the glomeruli were diffusely modified, 50%
focally modified. At 50 pg/l00 g of body wt/min (3
rats, 90 glomeruli screened) the number of altered
glomeruli was the same as in the preceding group but
the proportion of those diffusely altered increased
considerably and reached 60%. At! ng/lOOg of body
wt/min (2 rats, 60 glomeruli screened), all glomeruli
presented morphologic changes, 80% of them were
diffusely altered. Group 3C: angiotensin administered
after iv. perfusion of 0.9% NaCI. The perfusion of
l3bsl/min of 0.9% NaCI for 150 mm before angioten-
sin administration (50 pg and 5 ng/100 g of body
wt/min) prevented glomerular constriction com-
pletely (6 rats, 180 glomeruli screened).
2.) Pressor response to angiotensin.
The initial blood pressure, the threshold pressor
dose and the responses to 50 ng and 100 ng of angio-
tensin are shown in Table 1. The high sodium intake
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increased and the low sodium intake decreased the
pressor response to angiotensin. This is in agreement
with published data [5—8].
3.) Pro teinuric effect of angiotensin.
The urine was tested before and after the angioten-
sin perfusions for the presence of proteinuria with
(Ames Co.). In rats on normal sodium
intake (group I B), proteinuria appeared after 5 ng of
angiotensin, but not after 50 pg. In the low sodium
group (group 3B), the proteinuric effect was detected
after as low a dose of angiotensin as 5 pg. In the high
sodium intake group (group 2B), a positive reaction
for protein was obtained in two of five rats after 50 ng
and in all rats after 100 ng of angiotensin.
Discussion
The validity of the results. Morphologic apprecia-
tion of a physiological effect is often subject to error.
However, many arguments support the validity of
our observations. Spinelli [9], using the same tech-
nique, has observed identical changes in glomerular
morphology after angiotensin administration. In our
previous publication, we have produced the following
evidence for the specificity of the morphologic re-
sponse: pretreatment with anti-angiotensin plasma
had a blocking action, and an alpha-blocker (phen-
tolamine, Regitine®, Ciba Pharmaceutical Co.) failed
to prevent it [I]. The present results provide further
arguments. In 69 rats, 1,540 glomeruli were screened.
Such a large number of observations confirmed the
reproducibility of the results and disclosed a progres-
sive dose response inside each group. Finally, the
constant influence of sodium intake on the glomeru-
lar morphologic changes produced by angiotensin
supported the validity of our observations.
Direct glomerular effect of angiotensin. Physiologic
studies have suggested that angiotensin induces vaso-
constriction of the afferent and even more so of the
efferent arterioles, producing a distinct rise in the
filtration fraction [10—12]. However, we observed
constriction of the glomerular capillaries after angio-
tensin administration. The appearance of these was
threadlike and sometimes spiral. This cannot be ex-
plained by a predominant constriction of the efferent
arterioles which would undoubtedly produce a dilata-
Fig. 4. Detail of another glomerulus from group 3G. Capillary loops are covered by epithelial cells and their processes. The normal
interdigitation of the pedicels arising from different cells may be noted (X 2,600).
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Table 1. Effect of sodium intake on pressor responses to angiotensin
Group I
Normal sodium
N = 20
Group 2
High sodium
N = 20
Group 3
Low sodium
N = 18
Student's
1 testb
Initial blood pressure,
mml-Ig 124.80 + 2.20a 126.80 + 2.71P 132.40 + 3.40a
Gl:G2 NS
Gl:G3 NS
G2:G3 NS
Threshold pressor dose,
ng/IOOg of body wI/mm 7.90 + 0.60 5.20 0.53 10.40 1.39
Gl:G2 P < 0.0!
Gl:G3 NS
G2:G3 P<0.00l
Pressor response to
50 ng/lOOg/min, mm Hg 31.60 + 1.90 32.60 1.76 24.40 2.38
Gl:G2 NS
Gl:G3 P < 0.02
G2:G3 P < 0.01
Pressor response to
100 ng/ lOOg of body wt/min,
mmHg
37.90 2.40 39.20 2.00 29.10 + 2.60
Gl:G2 NS
G I :G3 P < 0.02
G2:G3 P<0.0l
a Mean values + SEM
G = group
tion of the upstream capillary loops. The capillary
loop constriction was also uneven: one loop being
normal and another twisted within the same glome-
rulus. The changes would be consistent with a direct
effect of angiotensin on glomerular capillaries. This
effect could, however, also be produced by con-
traction of the mesangium as discussed in our pre-
vious article [I].
Several investigations have provided evidence of
glomerular contractility. Bernik observed contractile
activity of human glomeruli in culture [13]. Spinelli et
al have shown a reduction in diameter of isolated
glomeruli in a medium containing angiotensin [9].
These results have been confirmed by Sraer et al [14].
Spinelli et al also have demonstrated dilatation of
glomerular capillaries induced by papaverine [15].
Other studies have produced data for the local-
ization of angiotensin receptors within the glomeru-
lar tuft. Using tritiated angiotensin, Osborne et al
[16] have found a concentration of radioactivity in
the glomeruli, and Sraer et al [14] have observed in
vitro fixation of '251-angiotensin II in isolated glome-
ruli.
Data obtained in micropuncture studies also have
been consistent with a direct action of angiotensin on
glomerular capillaries. Blantz, Konnen and Tucker
[17] have shown that angiotensin, presumably by di-
rect action on the glomerular capillary, produced a
reduction in the glomerular permeability coefficient
due, in part, to a diminution of the glomerular ca-
pillary surface. The results of Gassée, DuBois and
Lambert [12], obtained by another method, have
provided further evidence of an angiotensin-induced
reduction of the capillary filtration surface. These
two results are in agreement with a diminution of the
glomerular capillary radius as observed in scanning
electron microscopy.
The association between angiotensin-induced mor-
phological changes and proteinuria was quite evi-
dent. The threshold doses in rats on different sodium
intakes varied in a parallel manner for both phenom-
ena. Such a correlation suggests that both are related
to local modifications of the capillary walls and not
to the systemic circulatory effects of angiotensin. Re-
cently, Eisenbach, Van Liew, and Boylan [18] in an
extensive study proved that angiotensin increases the
transglomerular passage of proteins.
In our study, spontaneous proteinuria observed in
several control rats was never accompanied by modi-
fication of the glomerular structure. Spontaneous and
angiotensin-induced proteinuria would thus seem to
depend upon two different mechanisms.
The influence of sodium intake. The pressor effect of
angiotensin was influenced by the sodium intake as
previously described [5—8]. Our results are shown in
Table 1. The glomerular sensitivity was also in-
fluenced by sodium intake. However, these two ef-
fects were in opposite directions. Sodium restriction
enhanced glomerular reactivity and decreased the
pressor response but high sodium intake diminished
glomerular and increased pressor responses. This dis-
sociation suggests the existence of different receptors
in the systemic and glomerular circulations.
Blantz, Konnen and Tucker [171 have also demon-
strated a dissociation between the glomerular and
pressor responses to angiotensin in rats. A recent
study of Hollenberg et al [19], using an angiotensin
antagonist, has revealed that in man, too, the recep-
tors mediating the response to angiotensin II in the
renal and systemic circulations differ.
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The changes in sensitivity of glomerular response
induced by prolonged dietary sodium load or restric-
tion appear to be clearly shown in our experiments by
the modification of the threshold doses. These were 5
pg/l00 g of body wt/min on low sodium diet (group
3B), I ng/l00 g of body wt/min in rats on normal
diet (group B) and more than 50 ng/lOO g of body
wt/min in the high sodium group (group 2B). It is
difficult to prove that these changes are directly re-
lated to the differing sodium diets and not to any of
the other regulatory mechanisms which could be in-
fluenced by such chronic experiments. However, the
rapid influence of the sodium perfusion in normal
rats (group C) and in sodium-depleted rats (group
3C) on this sensitivity suggests a direct effect of so-
dium. This rapid response to sodium perfusion has
two main implications. First, it demonstrates clearly
how rapid are the variations of the reactivity of gb-
merular capillaries. These variations could be part of
the physiologically minute mechanism regulating gb-
merular filtration. Second, it could explain the differ-
ences in published data concerning the effects of an-
giotensin on glomerular filtration rate and sodium
excretion [20, 21]. In physiologic studies a "steady
state" and a diuresis must be obtained and this usu-
ally necessitates an infusion of a solution containing
sodium. Our results suggest that the effect of angio-
tensin may be considerably modified by such a per-
fusion.
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